The Baltic coast of Northern Poland is an interesting region for palaeoclimatic studies because of the mixed oceanic and continental climatic influences and the fact that the dominance of one or the other of these two influences might have changed over time. Also, unlike many more intensively studied regions of Europe, human impact in the region was rather limited until the 19th century. We present a 1200-year high-resolution record from Stążki mire, an ombrotrophic bog located 35 km from the Baltic Sea coast. Using testate amoebae, stable isotopes (δ 13 C) of Sphagnum stems, pollen, plant macrofossils and dendroecological analyses, our aims were to: 1) reconstruct the last millennium palaeoenvironment in the study site and its surroundings, 2) identify the major wet-dry shifts, 3) determine if those events correlate with climate change and human impact, 4) assess the resilience of the Baltic bog ecosystem following human impact, and 5) compare the palaeo-moisture signal from the Baltic coast with records from more oceanic regions. Two dry periods are inferred at AD 1100-1500 and 1650-1900 (-2005). The first dry shift is probably climate-driven as pollen record shows little evidence of human indicators. The second dry shift can be related to local peat exploitation of the mire. In the 20th century additional limited drainage took place and since ca. AD 1950 the mire has been recovering. From 1500 AD onwards all proxies indicate wetter condition. The beginning of this wet shift occurred during the Little Ice Age and may therefore be a climatic signal. The macrofossil data show that Sphagnum fuscum dominated the pristine mire vegetation but then declined and finally disappeared at ca. AD 1900. This pattern is comparable with the timing of extinction of Sphagnum austinii (= Sphagnum imbricatum) in the UK. This study illustrates the value of high-resolution multi-proxy studies of peat archives to assess the magnitude of anthropogenic land-use changes. This study presents the first direct comparison of testate amoebae and stable isotope data from the same core. The two proxies correlate significantly throughout the record and most strongly for the latter part of the record when most of the variability was recorded.
Introduction
The reconstruction of environmental changes over the last millennium has recently become a priority in palaeoenvironmental research (Jones and Mann, 2004) . Because such studies require a high time resolution (at least decadal and ideally annual) records such as tree rings or laminated sediments are generally used. However, high temporal resolution can be achieved from well dated peat cores analysed at short intervals (0.5-1 cm) (Schoning et al., 2005; van der Linden and van Geel, 2006; Väliranta et al., 2007) .
Ombrotrophic peatlands (or raised bogs) are usually considered as valuable repository of high-quality climatic signals because their sole source of water is from precipitation (Behre et al., 2005; Blaauw et al., 2004; Blundell and Barber, 2005; Hall and Mauquoy, 2005) and surface moisture therefore depends only on the balance between inputs from precipitation and losses from evaporation and runoff (Charman, 2002) . Surface moisture affects communities of living organisms, which are preserved in the peat. Among these, the testate amoebae (protists) are now regularly used to infer changes in surface moisture (or water table depth) and this signal is in turn interpreted in terms of climate changes (Charman, 2002 ).
An additional challenge related to the use of peatlands for paleoclimatical studies is that the climatic signal is often difficult to read because of the increasing frequency and amplitude of direct (e.g. peat extraction and drainage) and/or indirect (e.g. land-use changes around the mires) human impact (Rydin and Jeglum, 2006) . Indeed, palaeoecological studies covering the last 100-1000 years typically focus not only on climatic changes but also on the history of anthropogenic influence (Buttler et al., 1996) . The challenge is therefore to separate these two types of signals (Kalis et al., 2003; Tarasov et al., 2005) . Studies based on a combination of biotic (e.g.: pollen, testate amoebae, tree rings, and plant macrofossils) and abiotic proxies (e.g. stable isotopes) are generally considered to provide more reliable palaeoenvironmental information (Barber and Langdon, 2007) . In addition to providing palaeoclimatic information, palaeoecological studies of peatlands can contribute to improving management and restoration of peatlands (Lavoie et al., 2001 ). Knowledge about recent changes e.g. in palaeohydrology helps in understanding the present state of peatland as well as their dynamics in relation to natural or anthropogenic changes (Scheffer et al., 2001 ).
With the current interest for climate change of the last millennium and human impact across Europe (Esper et al., 2005) , the description of changes along climatic gradients is needed if we want to sort out global vs. local patterns. For example, it has been suggested that in a continental climatic context temperature may be more important than precipitation in controlling water table changes at the surface of peatlands (Schoning et al., 2005) . The climatic context should therefore be taken in to account in the interpretation of water table records and palaeomoisture signals from different climatic regions should be compared. However, most studies reconstructing past surface moisture from ombrotrophic bogs were done in oceanic or suboceanic regions (Warner and Charman, 1994; Buttler et al., 1996; Charman, 1999; Charman and Blundell, 2007; Booth, 2007; Mitchell et al., in press ). By contrast, there are fewer multi-proxy studies of peatlands in more continental regions such as Poland, be it for the last millennium or longer periods of the Holocene (Tobolski, 1987; Żurek, 1993; Żurek and Pazdur, 1999; Skrzypek and Jędrysek, 2000; Żurek et al., 2002; Andreev et al., 2003; Charman et al., 2004; Lamentowicz, 2004; Booth et al., 2006) .
Regions such as Northern Poland located at the limit between continental and oceanic climatic influences could yield very valuable information. Polish Baltic raised bogs are located on the fringe of the southern range of lowland raised bogs in Europe (Herbichowa, 1998) . Truly ombrotrophic raised bogs are very rare in Poland and are located mainly in NW part of the country along the Baltic shore (approx. 40 km from the coast). Further south and east the surface of Sphagnum mires becomes flat and their vegetation is more influenced by ground water (Tobolski, 2003) . Although ombrotrophic bogs are in theory well suited for palaeoecological reconstruction, most of the Baltic bogs in Poland have been drained and some of them are still being exploited (Jasnowski et al., 1968; Herbichowa, 1997; Pawlaczyk et al., 2005) . It is nearly impossible to find a completely undisturbed site for studies of the last millennium. Because of artificial lowering of the water table the palaeoecological record was often lost especially in the central parts of the domed peatlands. The peat archive is disturbed mainly for the last 100-200 years of peat accumulation. Furthermore, because of changes in the catchments and surroundings of peatlands, microclimatic conditions were changed. For these reasons the climatic signal may be indistinct at least for the last 100 years.
The general aim of this study was to test if a range of proxies (testate amoebae, pollen, plant macrofossils, tree rings and stable isotopes from Sphagnum) could allow inferring a climatic signal from a peat monolith despite the considerable anthropogenic impact on the Pomeranian landscape since the Early Medieval Period. Our more specific aims were to: 1) reconstruct the last millennium palaeoenvironment in a Baltic raised bog and its surroundings, 2) identify the major wet-dry shifts, 3) determine if those events correlate with climate change and human impact, 4) assess the resilience of the Baltic bog ecosystem following human impact, and 5) compare the palaeomoisture signal from the Baltic coast with records from more oceanic regions. This study is the first high-resolution palaeoenvironmental multi-proxy investigation focusing specifically on the last thousand years undertaken in Poland. There are few studies describing human impact in Pomerania over the last millennium and little Holocene palaeohydrological data from peatlands of the region (Skrzypek and Jędrysek, 2000; Żurek et al., 2002; Skrzypek and Jędrysek, 2004) .
Methods

Study site and coring
The study site is a Baltic bog -Stążki (N 54 25′ 27.7″; E 18 05′ 00.2″) located in northern Poland ca 35 km from the Baltic sea coast, in the Kaszuby Lakeland, near the highest point (214.6 masl) of a morainic plateau. The morainic plateau is delimited at the south and west by the Łeba river and at the east by the Dębica river. The northwestern ribbon depression is filled with waters of the Miłoszewskie and Lewinko lakes. The water from these lakes flows into the Młynówka stream. This morainic plateau is slightly undulating and there are many closed-basin depressions filled by Sphagnum mires. Because of uncontrolled peat exploitation many of these have been destroyed and were transformed into meadows or heathlands (Szafrański, 1961) .
According to the regional climate classification of Gumiński (1948) , the studied area is located in the IV Pomeranian climatic division (Kondracki, 1998) . The average annual temperature is +7.7°C and averages for January and July are respectively −1.2°C and +16.8°C. The growing period lasts ca 200 days. The average annual sum of precipitation for Lębork is 690 mm, ranging from 422 mm in dry years (year 1964) to 956 mm in very wet years (year 1998). February and March are the driest months (36 mm) and July the wettest (86 mm). The duration of snow cover is up to 75 days, however, depending on the position of the polar front, the duration and timing is very variable.
Stążki mire has a domed profile with a complex microtopography of hummocks and hollows, typical for raised bogs. The elevation differences between the margin and the highest point in the mire are no more than 1 m but it is very likely that the mire sunk after exploitation and drainage. Based on the vegetation, Stążki is one of the best-preserved Baltic bog on the moraine. However the peripheral lagg no longer exists and boundaries between the mire and adjacent fields are very sharp. The base of the deposit is composed of gyttja indicating a limnogenic origin of this bog. From the west a mineral peninsula encroaches into the mire. In the 19th century ditches were dug along the slope of the dome to drain the peatland. The southern part of the mire is destroyed to a large degree, but north of the mineral peninsula the peatland still possesses the characteristics of a raised bog. Around ca. 1960 the peatland was locally exploited at the southern fringe (some exploitation ponds remain) (Szafrański, 1961 (Szafrański, ), but recently (2004 (Szafrański, -2006 no peat digging was observed.
The present vegetation of the mire is dominated by Sphagnum fallax, Eriophorum vaginatum and Calluna vulgaris. The exploited parts of the peatland are covered by pine (Pinus sylvestris) forest that becomes sparser in the best-preserved and moister central part. We sampled two one-meter peat monoliths with a Wardenaar sampler (Wardenaar, 1987) . The first short core (SM1) was taken from the less drained bog part located 40 m from the mire edge. The second core (SM2) used in this study was taken from the central part of the peatland situated near the forested part that is also the highest point of the mire (Fig. 1.) . The Troels-Smith method was used to describe the peat in the field. The above-mentioned features and our preliminary examination of cores SM1 and SM2 show that Stążki mire can be considered to be a representative site (and starting point) for palaeoclimatological research in northern Poland. The core SM2 was divided into 1 cm slices that were then split for detailed analyses.
Dating and age-depth model
Several Sphagnum stems from nine one-centimetre thick samples were selected for radiocarbon dating (avoiding Ericaeae, and Carex rootlets, and other contamination) as these were shown to yield very precise dates (Nilsson et al., 2001; Turetsky et al., 2004) . Samples were dated at the AMS facility in Poznań Radiocarbon Laboratory (Goslar et al., 2004) (Table 1B) . Seven peat samples were taken from the upper 16 cm of the core for Pb-210 dating.
210
Pb was radiochemically extracted from samples (Flynn, 1968) and its radioactivity was measured. The CRS model was used for 210 Pb age calculation (Appleby, 2001 Pb data). As these three goals can be conflicting, the quantitative measures of "a", "b" and "c" were weighted appropriately. The same algorithm has already been applied for age-depth modelling of the Saariselka peat profile (Räsänen et al., 2007) . As the 210 Pb dates of seven samples in Stążki are not independent of one another, the 210 Pb data in measure "a" were represented by one date only, while the whole 210 Pb chronology was used for defining the shape of the age-depth line in its upper part (measure "c").
Because of the existence of a distinct period of very low peat accumulation around 400 mm depth, the age-depth lines were calculated in two sections separately. In the lower section, only measures "a" (probabilities of calibrated 14 C dates) and "b" (curvature) were taken in calculations. In the upper section, two different versions of the age-depth line were calculated. In the simplified version (dotted line in Fig. 2) , 210 Pb dates were ignored, while the extended version (solid line) incorporated information derived from 210 Pb, as described above. As the difference between both versions is small, in further discussion in this paper we use solely the extended age-depth model.
Stable isotopes
The carbon isotopic composition of Sphagnum macrofossils was studied as an independent proxy of past moisture changes in peatland (Price et al., 1997; Ménot-Combes and Burns, 2001; Ménot-Combes et al., 2004; Loader et al., 2007) and the results were compared to the testate amoeba-inferred moisture. For the analysis we selected 30 Sphagnum (mainly S. fuscum) stems per sample. Sphagnum stems proved to be appropriate for those studies (Loader et al., 2007) . Samples were taken at each centimetre of the peat monolith. Stems were then washed in distilled water. For each sample about 0.7 mg of stems were was collected. δ 13 C was measured in the bulk organic matter of the stems. The samples were combusted in the Costech ECS 4010 elemental analyser. The resulting gases were separated by gas chromatography and carbon dioxide was transferred to the ThermoElectron Delta Plus XP mass spectrometer for δ 13 C measurement. The 
Testate amoebae, pollen, and plant macrofossils
Core SM2 was divided into 1 cm slices that were then split for the different analyses. Subfossil testate amoebae were extracted from 4 cm 3 samples at 1 cm depth intervals following the sieving and backsieving procedure described by Hendon and Charman (1997) . Testate amoebae were identified and counted to a total of 150 individuals, at 200-400× magnification. Water table depth was inferred from a transfer function from Northern Poland (an expanded version of the model presented by Lamentowicz and Mitchell (2005a) . Samples for pollen analysis were taken every 5 cm. Pollen samples of 2 cm 3 in volume were treated with 10% KOH and then acetolysed (Berglund and Ralska-Jasiewiczowa, 1986; Faegri and Iversen, 1989) . In total 500 pollen grains of trees and shrubs (AP) were counted in each sample but in samples where the frequency was very low all pollen grains from two slides 22 × 22 mm were identified and counted. Percentage calculation was based on the sum of pollen grains of trees and upland herbs (AP + NAP). Pollen of Ericaceae, Calluna vulgaris, Vaccinium and Andromeda were excluded from the pollen sum. The percentage pollen diagram was produced with TILIA GRAPH (Grimm, 1992) . Plant macrofossils were analysed at 1 cm intervals. The material was rinsed on 0.25 and 0.5 mm mesh size sieves. The remaining material was identified under the stereoscopic microscope at a magnification of 10-100×. One slide from each sample was examined under the microscope at 200-400× magnification to determine the peat composition. Macrofossils were identified with the use of available guides (Katz et al., 1965; Grosse-Brauckmann, 1972 , 1974 Katz et al., 1977; Tobolski, 2000) . Sphagnum was identified to the section level.
Tree-ring analysis
Cores from 23 Scots pines (Pinus sylvestris) scattered on the central part of the mire were sampled with a Pressler increment borer, 1.3 m above the ground level. For every cored sample, measurements of the width of annual rings were made with 0.01 mm accuracy. Matching of individual dendrograms with calendar years and construction of the chronology were made following the classical methods of dendrochronological dating (Zielski and Krąpiec, 2004) . The chronology was subjected to indexation, eliminating long-term trends (e.g. age trend), and accentuating the year-to-year variability in widths of the annual tree rings using the Arstan software (Holmes, 1983 (Holmes, , 1994 ).
Diagrams preparation and numerical analyses
Percentage diagrams of plant macrofossils, pollen and testate amoebae were plotted using Tilia Graph (Grimm, 1992) and C2 (Juggins, 2003) . The estimated percentage composition of particular macrofossils (e.g. Sphagnum and other mosses) was presented using a dates are represented by one silhouette only, while the full set of 210Pb dates was used as a framework for shape of the ultimate age-depth curve in the computer algorithm. five-degree scale. Countable remains (e.g. Andromeda polifolia seeds) were presented in absolute numbers. Testate amoeba and pollen diagrams are based on percentage data. We performed stratigraphically constrained cluster analyses (method of incremental sum of squares) on all three data sets independently for quantitative definition of stratigraphic zones using CONISS (Grimm, 1987) . For each diagram biostratigraphic zones represent a compromise between numerical (CONISS) and subjective approaches. Each assemblage zone was described in detail, but the summarised mire history is based on phases determined subjectively on the peat accumulation model and the main indicators of change. These phases are, however, in general agreement with results of zonation of particular proxies. The water table was inferred from testate amoebae using a training set consisting of 123 surface samples taken mainly from natural, not drained Sphagnum mires in Pomerania and western Poland (N Poland) (Lamentowicz and Mitchell, 2005b; Lamentowicz et al., in press ). Performance of four models was tested: partial least squares (PLS), weighted averaging (WA), tolerance down-weighted averaging (WAtol) and weighted averaging partial least squares (WA-PLS), using the software C2 (Juggins, 2003) . The RMSEP (Root Mean Square Error of Prediction) was calculated using the Jacknife cross validation procedure (Crowley, 1992) . For depth to the water table (DWT), the model with the lowest RMSEP was provided by the WAtol, with a maximum prediction bias of 8.9 cm and a root mean square error of prediction (RMSEP(jack)) of 4.3 cm (Lamentowicz et al., in press ).
Results and interpretation
Peat accumulation, chronology, and lithology
The entire section is dominated by Sphagnum peat, mixed in with Eriophorum between 4 and 6 cm depth. More decomposed layers occur between 9 and 20 cm and between 30 and 40 cm ( Table 2 ). The projection of calibrated 14 C dates on the age-depth scale (Fig. 2) suggests that the peat accumulation history can be divided into five periods: 1) rapid peat growth between ca. AD 750 and 1100 (ca. 2 mm/yr), 2) low peat growth between ca. AD 1100 and 1500 (0.09 mm/yr), 3) rapid peat growth between ca. AD 1500 and 1650 (ca. 1.4 mm/yr), 4) low peat growth between ca. AD 1650 and 1900 (0.2 mm/yr), and 5) rapid peat growth between ca. AD 1900 and present (ca. 1.4 mm/yr). This scenario agrees with the lithology (Table 2 ) and the biotic proxies (see further).
Development of the mire
Percentage diagrams for pollen, plant macrofossils, and testate amoebae are presented in Figs. 3, 4 and 6 and a detailed description of biostratigraphic zones for each biotic proxy is presented in Table 3 . Based on this data and the lithology, we determined the following main developmental phases of Stążki mire.
Baltic bog phase: ca AD 750-1100 (1010-445 mm): (ST-po-1, ST-po-2, ST-ma-1, ST-ma-2, ST-ta-1, ST-ta-2). During this period of high peat accumulation rate (ca. 2 mm/yr), testate amoebae indicate that the coring site was very moist, except for episodes of lower water table indicated by Assulina spp. Until AD 1100 the coring site vegetation was dominated by Sphagnum sec. Acutifolia cf. S. fuscum (most stem leaves were identified as S. fuscum) with admixture of S. sec. Cuspidata, and among vascular plants Ericaeae and Calluna. Around AD 1100 the mire surface became drier as shown by testate amoebae e.g. increase of Assulina spp. and decline of Hyalosphenia elegans and H. papilio. Eriophorum vaginatum indicates water table fluctuations.
During this phase, Fagus gradually replaces Carpinus as the dominant tree of the forest. Increased concentrations of microscopic charcoal and Pteridium aquilinum spores attest for fires in the surroundings. Human influence was insignificant in this period.
Disturbance: ca AD 1100-1500 (445-395 mm): (ST-ma-2, ST-ma-3, ST-ta-3, ST-ta-4). In this phase peat growth was extremely slow ca. 0.09 mm/yr. The profile is characterized by a sharp decline of peat mosses, especially Sphagnum fuscum and a domination of Eriophorum vaginatum, indicating unstable hydrological conditions. Then E. vaginatum disappeared and was replaced by Sphagnum sec. Sphagnum and afterward by Sphagnum sec. Cuspidata. Among testate amoebae Arcella discoides suggests fluctuations of the water table. This species occurs in very unstable wet habitats in our modern samples. In this phase the presence of microscopic charcoal and Pteridium aquilinum again attests to fires in the surroundings Stążki bog. At the end of this phase, Alnus reached its maximum value (ca 1520) together with Betula. After that event Fagus started to regenerate but Alnus declined. The date AD 1520 is very important because pollen indicators show increasing human activity in the surrounding landscape.
Regeneration ( 
papilio). Eriophorum vaginatum and
Calluna vulgaris suggest a low and fluctuating water table. The maximum value of Calluna corresponds with the maximum value of charcoal at the very end of this phase. The decomposition of the peat is high and testate amoebae shell preservation is poor. Agriculture developed during this phase, as indicated by increases of Secale and Centaurea cyanus pollen abundance.
During this phase pine started to expand on the peatland surface as documented by the dendrochronological analysis (Fig. 5) : the oldest pine we observed was established in AD 1820. However, this date actually corresponds to the time when this tree reached a height corresponding today to 130 cm. As pine trees can grow very slowly on wet peatlands, this tree could have been quite old, possibly 100 year old before it reached this height. Pine colonisation is therefore likely to have started in the 18th century already at the time when peat accumulation rates had started to decline. Single trees of Pinus sylvestris occurred on the peatland surface in the first half of the 19th century as an effect of peat exploitation and initial drainage. But the main expansion of pine took place in the last decade of the 19th century in response to more extensive drainage and peat exploitation. The years 1910-1920 and 1929-1937 are characterised characterized by wider tree rings due to the existence of many young trees with strong growth dynamics (Fig. 5) . After this period the width of tree rings becomes narrower, suggesting more stable hydrological conditions until the beginning of 1970' when the growth trend again becomes stronger suggesting drier conditions. In the last 30 years however, a trend towards narrower tree rings indicates wetter conditions probably mainly due to the ditches being overgrown and gradually filled in by new Sphagnum growth.
Deforestation in the catchment took place at ca. AD 1900 as reflected by the decline of Fagus and other deciduous trees in the pollen record. By contrast Pinus, Calluna and human indicators pollen increase. Since AD 1950 the forest has started to regenerate with Pinus sylvestris as the main component.
Palaeohydrology of the mire: stable isotopes vs. testate amoebae
In this study we used two independent proxies for paleohydrology: δ
13
C from Sphagnum and water table depth inferred from testate amoebae (Fig. 6) . A first observation of the two curves (Fig. 7A) suggests that the two data sets show corresponding fluctuations: 1) fluctuations around AD 850, 2) a wet shift with a dry-wet swing at ca. AD 1500-1550, and 3) a decreasing water table until ca. 1970 followed by an abrupt wet shift. The direct comparison of the depth to the water table and δ 13 C values (Fig. 7B) confirms this relationship.
Even though the correlation coefficient for the whole sequence is not very high (− 0.396), it is statistically significant (p b 0.01). This correlation is not significant for the period AD 780-1000 when the range of variation in both data sets is low (r = −0.176, p N 0.05), but the correlation is stronger and more significant in the later period AD 1000-2005 when the variability of both DWT and δ 13 C values was high (r = 0.68, p b 0.01). The cluster of circles in the centre of the diagram represents stable hydrological conditions between AD 750 and 1000 (testate amoeba-inferred DWT: mean = 11 cm, S.D. = 1.1) that are quite typical for the 'living' peat accumulating Baltic bogs. The remaining scattered circles (with the exception of the bottom circleone sample from the mire surface) show wet or dry shifts in the history of the mire.
Discussion
Development of the mire and major events: human impact vs. climate changes
Baltic raised bogs are located at the southern limit of the range of lowland raised mires in Europe and the bog vegetation is influenced by both oceanic and continental climatic influences therefore Baltic bogs should be especially valuable for climate reconstruction. From 2500 BP human impact is considered to have been the most important factor of change in the vegetation cover in Poland (Ralska-Jasiewiczowa and Latałowa, 1996) . However, by contrast, pollen data show that human impact on the bog was moderate until AD 1800. In Pomerania extensive land-use changes took place in the last 200 years with massive deforestation, drainage and exploitation of the raised bogs.
During the last 1250 years of its history, Stążki mire recorded environmental changes that can be related to land-use changes as well as to climatic changes. Hydrological fluctuations appear to be the main driver of the observed ecosystem dynamics and all proxies generally agree for the more important changes (Fig. 8) . Our data shows a developmental history that can be divided into five main stages of alternating wet and dry shifts and a general trend for increasing anthropogenic impact. The first part of the archive contains 250 years of continuous accumulation of Sphagnum fuscum peat with relatively little change. Following this period, two major dry periods were recorded in the history of Stążki mire [(I) ca. AD 1100-1500 and (II) ca. AD 1650-1900 (-2005) ].
The first dry shift (ca. AD 1100-1500) is reflected in all indicators and is most likely due to climate change because the percentage of human indicators is not high during this period although this is a period when human impact became stronger in Pomerania (Latałowa, 1982; Latałowa and Tobolski, 1989) . One important forest component, Carpinus betulus, disappeared in the upland forest around the Stążki mire and was replaced by Fagus. Latałowa and Pędziszewska (2003) reported that between AD 1200 and AD 1700 hornbeam forests extensively covered the morainic plateau of eastern and central Pomerania near the Baltic shore. Our data agree with Latałowa (1982) who observed an abrupt expansion of Fagus in the early Medieval period. In the surroundings of Stążki mire the shift from Capinus to Fagus began ca AD 1200 shortly after the beginning of the dry period. Since there is no evidence of forest clearances in the direct surroundings of Stążki mire climatic change remains the most likely explanation. The lack of charred macrofossils suggests that no local fires occurred. Comparable dry shifts during the climatic optimum of the Medieval Warm Period were recorded elsewhere in Europe (Fagan, 2000; Bertrand et al., 2002; Tiljander et al., 2003; Cook et al., 2004; Jones and Mann, 2004; van der Linden and van Geel, 2006; Weckström et al., 2006) and were related to solar activity (Jirikowic and Damon, 1994; Chambers et al., 1999) .
We interpret the dominance of Eriophorum vaginatum remains in the peat of this period as an indication of hydrological disturbance. In the region, this species is found in laggs of kettlehole mires located on sandy out-wash plains in Pomerania, a habitat of considerably fluctuating water tables. Among testate amoebae one particular taxon -Arcella discoides -is associated to similar conditions with association with E. vaginatum. This species is also found in the uniform assemblages in laggs of kettle-hole mires in Pomerania (Lamentowicz and Mitchell, 2005a) . Arcella discoides was excluded from the training set because its response to water table depth could not be modelled well and the peculiar ecology of this species caused inconsistency in the reconstruction (higher bias). Nevertheless, A. discoides remains an important qualitative indicator of water table fluctuations. The precise ecological requirement of this species therefore deserves more attention.
From ca. AD 1500 to 1650 all proxies indicate wetter conditions. The beginning of this shift occurred during the Little Ice Age and coincides well with data from European lakes (Lotter and Bigler, 2000; Magny, 2004; Blass et al., 2005) and mires (Chiverrell, 2001; Mauquoy et al., 2002a,b) . One study from Poland based on stable carbon isotopes also shows a wet event at that time (Skrzypek and Jędrysek, 2000) . Polish Baltic bogs development has possibly responded to similar climate changes as Estonian bogs (Sillasoo et al., 2007) , where Westerlies also cause wetter conditions while continental climatic influences bring warmer and drier conditions.
The second period of low peat accumulation (ca. AD 1650-1900 (-2005) ) can be related to local peat exploitation of the mire that decreased the water table level. Testate amoebae indicate drier conditions starting before AD 1600. The end of the Little Ice Age in Europe is dated to ca. AD 1800-1850 (Grove, 1988; Jones and Mann, 2004) and testate amoebae indicate a further trend to drier conditions at that time. Most probably, mainly the South-Eastern part was exploited from ca AD 1800. This caused a significant water table decrease about ca 150 years. This process was enhanced by ditch digging at the beginning of 20th century. According to information from local people the first drainage was done before World War I and the peatland was still locally exploited in AD 1960 in the southern part as documented by the presence of exploitation ponds (Szafrański, 1961) . Dendrochronological analysis of pine trees growing on the mire surface (Fig. 5) further showed that the current pine population on the mire became established by ca AD 1820. But taking into account the likely very slow tree growth to the height of 130 cm (+10-15 cm corresponding to peat accumulation since this date), pine colonisation might have started in the 18th or possibly even 17th century. Pine expansion therefore seems to be directly related with substantial anthropogenic decrease of the water table as was also observed in raised bogs of the Swiss Jura Mountains (Frelechoux et al., 2000a,b) . Because the dynamics of pine growth is strongly influenced by drainage, we cannot draw palaeoclimatic conclusions from the tree rings.
The overlying non-compacted part of the acrotelm (accumulated since ca AD 1950) recorded the abandonment of exploitation and filling up of ditches reflected in the record of Arcella discoides and later Archerella flavum and by Sphagnum sec. Cuspidata. Currently the mire surface is covered with Calluna vulgaris and scattered pines indicating relatively dry conditions, but the declining growth rate of pine trees indicates that conditions are getting wetter in not disturbed part of the the bog.
Two of our broader goals were to determine if Pomeranian peatlands can be used to infer recent climatic history and if so from which point in time human impact caused the peatlands to become unsuitable for palaeoclimatic reconstruct. Our data show 1) that before AD 1800 both human and climatic signals were recorded and 2) that the effects of local peat exploitation and drainage dominate the palaeoecological signal from ca AD 1800 onwards. Similarly, a recent dendroecological study (Cedro and Lamentowicz, in press ) revealed that there is no link between tree ring widths and climatic factors since the establishment of pine on the surface of the bog. Another study on a kettle-hole mire in southern Pomerania showed that this apparently pristine small mire surrounded by forests was also disturbed by human activities (Lamentowicz, 2005; Lamentowicz et al., 2007) . Consequently, there are two main limitations to palaeoclimatic reconstruction associated with palaeoecological studies of peatlands in northern Poland: 1) artificial water table decrease caused by peat digging and drainage in ombrotrophic Baltic bogs, and 2) land-use changes (e.g. deforestation, afforestation and agriculture) in the catchment area of peatlands. As we continue to study additional sites we hope to disentangle the effects of human impact and climatic change in the mire.
4.2. Disappearance of Sphagnum fuscum in Pomerania, an analogue to the disappearance of S. austinii (S. imbricatum) in Britain? Sphagnum fuscum declined in Stążki mire twice at ca AD 1000 and ca AD 1800. The first decline, which took place during a dry phase that we interpret as climate-driven, is synchronous with the extinction of Sphagnum austinii in the UK between cal. AD 1030-1400, which was interpreted as due to inter-specific competition between Sphagnum species during the 'Early Medieval Warm Period' and the 'Little Ice Age' (Mauquoy and Barber, 1999) . Sphagnum fuscum has not recovered after the second decline at ca. AD 1800 in agreement with other data from Poland (Jasnowski, 1962) . The most likely cause for this decline is a lowering of the water table due to direct human impact (e.g. local peat cutting, drainage). Around 1950, S. fuscum was replaced by other Sphagnum species (e.g. S. capillifolum) of Acutifolia section that tolerate well low water table.
Although peat exploitation was still taking place in the southern fringe of the mire around ca. 1960 (Szafrański, 1961) , this may not have had a very significant impact at the coring site. It therefore remains possible that climate change was an additional cause for this disappearance. If climate change indeed played a role, it would have driven to extinction a species that had already became rare due to direct impact on mire. A positive feedback mechanism involving pine trees might also have been involved: It is also likely that drier conditions on the bog were in part amplified by evapotranspiration from the increasing cover of pine trees on the bog, as was observed in peatlands in the Jura Mountains (Mitchell et al., 2001; Freléchoux et al., 2003) . Another study of a Baltic bog (Słowińskie Błoto) located 100 km east from Stążki showed a similar dry shift and associated S. fuscum extinction (Lamentowicz et al., in preparation) . However, Herbichowa (1998) observed that this species had already declined already 500 years ago and is now extinct in Pomeranian Baltic bogs, suggesting an earlier significant human impact in this area. Interestingly, this event again parallels the extinction of Sphagnum austinii (Sull. ex Aust.) (=Sphagnum imbricatum Hornsch. ex Russow ssp. austinii (Sull.) Flatberg) across Wales that was dated to ca 1840 (Hughes et al., 2007) .
Palaeohydrology of the mire: stable isotopes vs. testate amoebae
This study is the first to compare δ 13 C values from Sphagnum and water table depth inferred from testate amoebae. Because the leaves of Sphagnum mosses do not contain stomata the isotopic discrimination of carbon is mainly controlled by the thickness of the water film on the leaves. The stable carbon isotope data obtained from Sphagnum stems is therefore a proxy for moisture changes at the surface. Higher/less negative values of δ 13 C indicate higher availability of water for peatmosses (Rice and Giles, 1996; Ménot-Combes et al., 2004; Loader et al., 2007) and hence higher precipitation (or at least a more positive balance between precipitation and evaporation). As testate amoebae also reflect surface wetness these two indicators should yield the same signal. This is indeed the case and especially for the period of greatest fluctuations in both data sest ( Fig. 7A and B) . The similarity in the patterns of both proxies provides an independent confirmation for the value of each of them. Nevertheless, the correlation is not perfect and this can be due to 1) the imperfect DWT reconstruction from testate amoebae and/or 2) the imperfect relationship between DWT and δ 13 C of Sphagnum, and/or 3) the fact that the thickness of the water film is more directly related to surface moisture than to water table depth.
